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When keratome-sliced pig epidermis was floated on 
Hank's balanced salt solution, we observed a rapid de-
crease in the intracellular level of cyclic GMP. A portion 
of the lost cyclic GMP was detected in the incubation 
medium. When the epidermis was kept in air at room 
temperature, the cyclic GMP level also decreased rapidly 
but to a lesser degree. Incubating the epidermal slice at 
37°C in Hank's balanced salt solution with the addition 
of 3-isobutyl-l-methyl xanthine (IBMX) prevented the 
decrease. Also, after the cyclic GMP level had fallen, it 
could be raised to the in vitro level by the addition of 
IBMX. Increased amounts of cyclic GMP were detectable 
in the medium in this case. These data indicate that the 
decrease in cyclic GMP in ischemic epidermis is due to 
sudden activation of epidermal cyclic GMP-phosphodi-
esterase and also in part due to leakage of cyclic GMP 
extracellularly. In contrast to the rapid decline in the 
cyclic GMP level, ischemia caused a rapid and transient 
increase in epidermal cyclic AMP. This confirms previ-
ous data by ourselves and by others (Br J Dermatol 92: 
249-254, 1975; J Invest Dermatol 68:125-127, 1977). 
These "ischemic effects" must be avoided in order to 
measure the "in vivo level" of cyclic nucleotides in epi-
dermis. 
Cyclic nucleotides play significant roles in various physiolog-
ical and pathological conditions. It is generally agreed that 
accurate measurement of the cyclic nucleotide concentrations 
in vivo is difficult because the endogenous level of cyclic nu-
cleotides do not remain constant after the removal of tissue. 
Cyclic AMP levels in most tissues increase rapidly after death 
or removal, whereas the cyclic GMP levels tend to decrease 
rapidly, e.g., in brain, after decapitation. These phenomena are 
generally called the "ischemia effect" although the precise 
mechanism has not been elucidated [1-4]. 
We have previously shown a rapid and transient increase in 
epidermal cyclic AMP levels after removal [5]. We now present 
data showing that cyclic GMP levels in epidermis decrease 
rapidly after removal. Our results are consistent with the 
changes in this nucleotide level in the other tissues [1-4]. We 
again stress that accurate measurements of the in vivo levels of 
both nucleotides in epidermis cannot be made without due 
regard for these "ischemic" effects. 
MATERIALS AND METHODS 
Skin slices were taken by a Castroviejo keratome set at 0.3 mm 
depth from the back of domestic pigs weighing 6 to 8 kg. Neither 
syslemic nor local anesthesia was used unless otherwise stated. Mea· 
s~remenl of the changes in cyclic nucleotide levels after removal of the 
epidermis was accomplished by freezing specimens between 2 plates of 
dry ice at appropriate time intervals. For in vitro incubation experi· 
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ments, epidermal slices were kept in Hank's balanced salt solution at 
4°C. Slices were cut into 5 x 5 mm squares and used within 30 min. 
Four squares were used for cyclic AMP and cyclic GMP determinations. 
The slices after incubation under various in vitro conditions were frozen 
and kept at -70°C. Cyclic nucleotides were extracted by homogeniza-
tion of the tissue in 2 rnl of 1 % perchloric acid at 4°C. Perchloric acid 
was removed by precipitation with 6N KOH and the pH was adjusted 
to 7. Extracts were applied to Dowex-l columns, 0.5 x 4 cm (chloride 
form, 1 X 8, 400 mesh) which were prewashed with formic acid. Cyclic 
GMP and cyclic AMP fractions were separated as described by Murad, 
Manganiello, and Vaughan [61 with slight modification, i.e. cyclic AMP 
was eluted with 10 ml of 2N formic acid and cyclic GMP with 12 mJ of 
5N formic acid. Media were applied directly on the column and both 
cyclic nucleotide" were eluted as described. 
Eluates were lyophilized in 20 ml serum bottles and dissolved in 5()() 
It! of acetate buffer (0.05 M, pH 6.2) . Tritum labeled cyclic AMP (about 
1,500 cpm-70 f moles) and cycl ic GMP (about 1,500 cpm·250 f moles) 
were added during homogenization of the tissues for calculating recov-
eries (70% for cyclic AMP and 90% for cyclic GMP). Radioimmunoas-
says of cyclic GMP were done in duplicate by the method of Steiner, 
Ferrendelli, and Kipnis [11 after one step succinylation* as described 
by Frandsen and Krishna [7]. 
[n addition, the lyophilized cyclic AMP fractions were reconstituted 
in 500 J.l1 of HtO and 60 J.l1 aliquots were used to measure the cyclic 
AMP level in duplicate by Gilman's protein binding method [8]. 
Proteins were measured by the method of Lowry et al [9]. Antiserum 
to cyclic GMP and (, ~r,I) 2'-0-succinyl cyclic GMP were obtained from 
Collaborative Research Inc. (Waltham, Mass.). Triethylamine and suc-
cinic anhydride were purchased from Eastman Kodak (Rochester, 
N.Y.\. Cyclic (,'H) AMP (specific activity 20-40 Ci/mmol) and cyclic 
C-'H) GMP (specific activity 10 Ci/mmol) was purchased from New 
England Nuclear (Boston, Mass.), and 3-isobutyl·l-methyl xanthine 
([BMX) from Aldrich Chemical Co. (Milwaukee, Wis.). All other chem-
icals and drugs were purchased from Sigma Chemical Co. (St. Louis, 
Mo.). 
RESULTS 
Intracellular cyclic GMP levels at various times after removal 
of epidermal slices are shown in Fig l. These decreases in cyclic 
GMP levels in "ischemia" were marked and consistent. Epider-
mal slices were floated on Hank's bal.anced salt solution at 37°C 
for designated periods after the removal or were kept in air at 
room temperature instead of in media at 37°C. Epidermal slices 
kept in ai.r consistently contained higher levels of cyclic GMP 
as compared with those kept in Hank's balanced solution (data 
not shown). Cyclic GMP levels in the media showed measurable 
amounts of cyclic GMP (6.3 ± 2.1 and 12.7 ± 5.9 fmol/mg prot 
at 2 and 5 min after removal respectively n = 3, ±SE). One of 
the reasons for the rapid decline in cyclic GMP in "ischemia" 
is " leakage," yet obviously leakage alone does not explain the 
decline in the tissue left in air, and in the media it only accounts 
for about 20% of the cyclic GMP lost by the time. 
A d ecrease in cyclic GMP levels could also be due to rapid 
activation of cyclic GMP-phosphodiesterase. To test this pos-
sibility epidermal slices were placed in Hank's balanced salt 
solution containing IBMX (a phosphodiesterase inhibitor) at 
37°C for appropriate periods. Figure 2 shows that the addition 
of IBMX prevents, at least partially, the decrease in cyclic 
GMP. The O-time value of 70 frnol/mg protein is most likely 
due to underestimation due to the "ischemia" effect, since the 
• The succinylation procedure before radio· immuno assay of cyclic 
nucleotides has been replaced by acetylation in our later experiments. 
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FIG I. Changes in t.he intracellular cyclic GMP levels in ischemia: 
Pig epidermal slices were removed by a Castroviejo keratome and 
incubat.ed in Hank's balanced salt solution at 37°C for the indicated 
periods. The data are averages of 4 to 6 experiments with an exception 
of the "zero-Lim .. value which is an average of 10 experiments. Each 
experiment is the average of 4 squares of skin which were pooled and 
duplicate a.'iSays were done. 
keratome slicing and further cutting required between 10 and 
25 seconds. The counteraction by IBMX was observed only 
when the sliced epidermis was incubated at 37°C in the medium 
with IBMX but not at room temperature. This suggest that 
diffusion of IBMX into epidermal cells may be critically tem-
perature dependent or that an enzyme is involved. Cyclic AMP 
as we and others have reported previously [5,10,11] increased 
with "ischemia" and the increase was intensified by IBMX. 
Figure 3 shows the effect of IBMX on cyclic AMP and cyclic 
GMP levels of epidermal slices after preincubation for 15 min 
at 37° . IBMX added after this 15 min preincubation (O-time 
in Fig 3) rapidly increased both nucleotide levels dramatically 
for at least 30 min. The change in cyclic GMP level was 
particularly rapid and marked and reached their normal endog-
enous levels. Cyclic AMP levels increased much above their 
nonnal endogenous levels of 1 pico mol/mg protein. Figure 3 
also shows marked leakage of cyclic GMP into the media when 
epidermal squares were incubated for more than 10 min. The 
totaJ accumulation of cyclic GMP (media plus tissue) caused 
by addition of this IBMX was twice the endogenous level. 
Leakage of cyclic AMP into the media was tested for in a 
separate experiment but only insignificant amounts of cyclic 
AMP were found during 15 min incubation. 
The effect of changing the concentration of IBMX is shown 
in Fig 4. The increase in the intracellular cyclic GMP level was 
dose dependent and the maximal effect was obtained at about 
2 mM. Addition of another phosphodiesterase inhibitor, theo-
phylline, caused a similar pattern of cyclic GMP accumulation, 
but the accumulation was much less (data not shown). We have 
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tested the effect of another type of phosphodiesterase inhibitor, 
papaverine. Papaverine added after 15 min of preincubation 
increased the intracellular cyclic GMP level only slightly. This 
slight increase was not sufficient to cause a clear-cut leakage of 
cyclic GMP. The addition of papaverine did not change either 
i~tra- or extracellular levels of cyclic AMP during 20 min of 
incubation . 
DISCUS ION 
The cause of the decreased tissue level of cyclic GMP during 
"ischemia" is unknown. Some leakage of this nucleotide out of 
the cell and into the media did occur, but this alone is insuffi-
cient (less than 20%). Also the fact that there was a decrease of 
this nucleotide while the tissue was kept in air suggests that 
another mechanism must also be operative. Decreasing gua-
nylate cyclase activity or increasing cyclic GMP phosphodies-
terase activity or both could also cause a decrease in intracel-
lular cyclic GMP. The marked effect of IBMX in arresting the 
decrease suggests sudden activation or decompartmentalization 
of cyclic GMP-phosphodiesterase. This is sugge ted since both 
cyclic GMP and cyclic AMP are increased by IBMX. An action 
o'f IBMX on the cell membrane stopping leakage of cyclic GMP 
is ruled out by the finding (Fig 3) of increased cyclic GMP in 
the medium. The nature of the leakage process also remains 
unknown. Diffusibility of cyclic GMP has been found in other 
tissues. Kapoor and Krishna [12] found, for example, significant 
amounts of cyclic GMP in their incubation media when pan-
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FIe 2. Efr ct of 3-isobutyl-I -methyl xanthine (IBMX): The kera-
tome slice was cut into 5 X 5 mm squares as quickly possible. Four 
squares were used for each assay in duplicate. They were floated on 
the medium with (e ) ot without (0 ) 2 mM IBMX at 37°C. The data 
are means of 4 (for cyclic GMP) or 2 (for cyclic AMP) independent 
experiments respectively. 
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FIC 3. Effect of 3-isobutyl-I-methyl xanthine (lBMX) on cyclic 
nucleotide levels after preincubation of epidermal slices. 0, e -cyclic 
nucleotide levels in tissue incubated in Hank's medium with (e) and 
without (0) IBMX (2 rTlM) .l:>, A-cyclic nucleotide levels in the media 
incubated with (A) and without (l:» IBMX. The cyclic GMP contents 
in the media were divided by the protein contents of the corresponding 
tissues. Thus the total cyclic GMP accumulation per mg protein can be 
summed up; i.e., (e + A) or (0 + l:» at each designated incubation 
period. The cyclic AMP level in the media was not determined. One of 
typical experiment.'1 (n = 3) is shown. 
creatic lobules were incubated with carbamylcholine. This is in 
marked contrast to cyclic AMP which does not leak out of 
epidermal slices. 
Epidermis would probably be an appropriate tissue to study 
the effects of ischemia because rapid handling of the tissue is 
possible. With epidermis one can freeze the tissue within 5 
seconds, but in other systems such as rabbit retina [3], it took 
more than 1 min to freeze the tissue after removal from the 
animal. S ince the level of cyclic GMP rapidly decreases within 
seconds in epidermis and brain, it should be emphasized that 
rapid handling of the tissue for the measurements of the endog-
enous levels is of paramount significance. Inability to demon-
stra te the "i chemia" effect in certain tissues may well be due 
to "slow" sampling procedures. Recently Ruoff [4] demon-
strated for example that the "ischemia" effect occurred in rat 
gastric mucosa if there was a delay but the effect could be 
prevented by microwave irradiation before sampling. 
"Ischemia" of the epidermis causes a decrease in cyclic GMP 
and a simultaneous increase in cyclic AMP. These results are 
consist ent with those found in the central nervous system [1-
3,13- 15]' Ten seconds delay in freezing after removal of epider-
mis increases cyclic AMP as much as 100% and decreases cyclic 
GMP by 50% in relation to their endogenous levels. If one 
considers the ratio of cyclic AMP to cyclic GMP as an important 
functional parameter [16], sampling becomes the most crucial 
part of most experiments. Freezing skin before biopsy is essen-
tial if endogenous levels are to be measured. 
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FIG 4. gffect of changing the 3-isobutyl- I-methyl xanthine (IBMX) 
concentration on intraceLLular cyclic GMP levels: The experimental 
procedures were the same as in Fig 3. The epidermal squares were 
preincubated for 15 minutes and then transferred to media with various 
concentrations of IBMX. The incubation period was 1 min at 37°C. 
(An average of 2 experiments). 
When s liced epidermis was preincubated in Hank's balanced 
salt solution, the increased levels of cyclic AMP due to "is-
chemia" declined to nearly the endogenous levels after 15-20 
minutes of preincubation, but the decreased level of cyclic GMP 
remained low for at least 30 min. The addition of IBMX during 
the preincubation caused an increase in cyclic GMP levels to 
the endogenous " in vivo" level; however, the cyclic AMP levels 
increased to higher than above their endogenous "in vivo" 
levels. Thus we have not yet been able to establish an " ideal" 
pre-experimental condition in vitro which will restore to the in 
vivo condition. This result poses some difficulties in studying 
the effects of hormones and drugs in vitro on the cyclic GMP 
system in epidermis. Also our experimental data demonstrate 
the need for preincubation of skin to obtain standardized ex-
perimental conditions where the cyclic nucleotide levels are 
stable prior to experimental manipulation. 
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Mycology Review 
T he tanford University Department of Dermatology will offer a "Mycology Review," on October 19 
and 20, 1979, at Stanford University Medical Center. This AMA accredited course is designed for residents 
in dermatology and pathology. Sessions will include lecture covering superficial and sy temic fungi and 
a review of cultures and Kodachromes of microscopics. Applicants may register for one or both days; 
sessions will begin at 9:00 AM . For information, contact: Paul H. Jacobs, M.D., Department of Dermatol-
ogy, Stanford University School of Medicine, Stanford, CA 94305. 
